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DOCTORS  IN  INTiiiiPLAfxi/iitY  FLIGHTS 
by 

Lubor  Vokrouhlicky 

In  the  introduction  it  i3  necessary  to  mention,  that  physiologists  are 
not,  in  comparison  with  technology,  by  any  we'-  n  the  rear,  as  it  weald  appear 
to  a  surface  observer.  Technical  research  must  otherwise  have  a  definite 
advantag®|  ans  so  for  example,  in  the  first  period  we  had  rockets  without  land¬ 
ing,  later  rockets  with  experimental  animals,  problems  concerning  the  proper¬ 
ties  of  the  medium,  to  this  already  aan  himself  had  to  penetrate.  A  majority 
of  ground  organisms  require  oxygen,  heat,  water  and  nutriments  to  live;  all 
this  occurs  practically  in  the  lowest  atmospheric  layer,  which  even  offers  pro¬ 
tection  against  radiation.  Biology  which  becomes  the  main  requirement,  carnot 
itself  assure  convenient  physiological  conditions  in  an  interplanetary  rocket; 
realization  of  these  conditions  depends  upon  the  progress  of  technical  sciences. 

We  will  therefore  discuss  briefly  the  most  important  physiological  prob¬ 
lem  of  intezplanetary  flights,  some  then  have  already  been  solved  when 
modem  aircraft  began  flying  at  high  altitudes. 

Providing  The  Crew  of  Interplanetary  Kocketo  with  Oxygen 

Oxygen  in  the  air  is  required  by  the  human  being  because,  that  the  bl  od 
in  his  lungs  should  oxidize  and  transfer  same  to  the  tissues  which  execute  life. 
So  that  the  blood  should  oxidize  sufficiently,  the  oxygen  in  the  air  must  be  in 
definite  volumetric  Quantity,  must  also  have  a  definite  pres^re  (about  100  mm 
Hg).  All  fliers  *tn gw  vary  well  that  at  altitudes  of  about  50C0  m  it  is  necess¬ 
ary  to  use  oxygen  breathing,  to  increase  the  content  (including  also  pressure) 
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of  oxygen  in  the  inhaled  air,  otherwise  they  would  be  threatened  by  fainting 
fits  and  later  by  death  by  nonoxidation  of  the  brain.  An  oxygen  breather  helps 
up  to  a  certain  altitude;  at  an  altitude  of  about  15  km,  the  b.  ometric  pres- 
sure  ie  so  low,  that  n..n  could  die  then,  if  he  would  r._t  have  sufficient  pure 
o>ygen  (the  oxygen  could  not  penetrate  into  the  lungs,  filled  with  carbon  di¬ 
oxide  and  water  vapor.  For  flights  at  higher  altitudes  there  is  already  need¬ 
ed  a  hermetically  sealed  superpressure  chamber,  into  which  the  compressors 
maintain  a  higher  barometric  pressure  than  the  pressure  existing  in  the  vicin¬ 
ity.  The  crew  of  an  interplanetary  rocket  would  have  to  be  absolutely  isola¬ 
ted  in  the  cabin  with  artificial  air,  the  proper  equipment  in  the  cabin  will 
provide  the  proper  amount  of  oxygen,  warmth  and  air  himidity,  it  eliminates 
carbon  oxide,  water  vapor  and  fluids  originating  at  living  processes  in  the 
organism.  And  so,  artificial  climatic  cabins  have  for  example,  so-called  com¬ 
panion  ships:  the  needed  oxygen  is  obtained  from  bottles  with  ccnqpressed  oxy¬ 
gen,  carbon  dioxide  and  water  vapors  are  absorbed  in  sodium  lye  or  by  baroate 
(?),  special  filters  (similar  to  filters  in  protective  masks  remove  the  harm¬ 
ful  effects  (harmful  gases).  Maintenance  of  warmth  is  technically  easily  sol¬ 
uble.  In  interplanetary  space  solar  rays  can  serve  (fUrnish)  part  of  the  heat, 
the  solar  rays  will  fall  into  the  cabin.  lor  long-lasting  flights  it  is  neces¬ 
sary  to  look  for  a  different  solution,  because  the  mentioned  system  is  too  vol¬ 
umetric,  heavy,  and  has  an  extremely  limited  <■  pacity.  Tip  oxygen  level  jjx 
the  cabin  can  be  for  example  maintained  in  a  much  easier  way  by  evaporation  of 
liquid  oxygen  from  special  vessels.  Carbon  dioxide  could  be  eliminated  by 
freezing  out,  or  decomposed  by  solar  light,  at  which  the  ojqrgen  would  be  liber¬ 
ated.  (Cut  this  is  only  a  theoretical  solution,  becauee  as  is  known,  in  labs 
this  process  could  not  be  realized  vo  this  day;  during  a  reaction  the  latter 
threatens  danger  of  forming  dangerous  formations  of  toxic-carbon  oxide). 
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decently  intensive  studies  gave  ‘he  possibility,  which  appears  to  be  most  coi.- 
venient  -  use  ol'  v  gelation,  i.  u.,  concrete  defined  sea  weed,  alga,  which 
during  its  life  proceabes  uses  up  carbon  dioxide  and  yields  oxide.  The  diffi¬ 
cult  v  lies  in  this  that  the  hitherto  dev*.  Lopeu  equipment  is  spacious  and  the 
weight  is  unacceptable.  The  amount  of  oxygen  needed  by  one  person  will  now 
add  suspension  of  alga  in  230  liters  of  water,  exposed  to  light  over  an  area 

of  22  m^;  otherwise  it  is  not  known,  how  algas  would  react  to  ordinary  circum¬ 
stances.  To  solve  these  problems,  contributions  were  also  made  by  our  own 

science;  the  biological  law  of  tue  Csecr.  Academy  of  Sciences  is  readying  ex¬ 
periments  with  cerayin  and  other  algaes. 

Will  the  barometric  pressure  drop  to  perhaps  1/5  of  the  value,  the  gases 
dissolved  in  the  blood  plasma  will  become  liberated  (mainly  nitrogen)  in  the 
form  of  bubbles,  which  fill  up  the  brains  and  other  cells  thus  making  blood 
circulation  impossible.  This  danger,  which  threatens  at  high  altitudes,  is 
almost  totally  eliminated  by  the  cabin  (isolation  cabin). 

Boili:  of  liquids  at  the  warmth  cf  human  body 

In  the  mountains,  where  a  lower  barometric  pressure  prevails,  water  was 
cooked  at  no  loss  than  100° C.  Should  the  barometric  pressure  drop  extremely' 
under  50  mm  hg,  the  water  cooks  at  37°C,  i.  e,,  at  a  warmth  of  the  human  body-. 
The  interplanetary  air  empty  space  endangers  than  the  health  also  by  the  fact, 
that  in  the  unprotected  organism  body  fluids  will  begin  boiling;  at  a  body  heat 
water  vapor  bubbles  would  begin  forming,  filling  out  the  body  cavities  and 
thus  making  the  operation  of  the  heart  impossible.  It  is  self-evident  that  an 
artificially  maintained  pressure  of  the  special  cabin  will  furnish  good  protec¬ 
tion. 

Effect,  of  Solar  Radiation 

The  wall  of  the  cabin  would  protect  the  crew  against  the  effects  of  ultra¬ 
violet  components  of  solar  radiation,  we  here  on  the  ground  are  protected 
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against  it  by  the  terrestrial  atmosphere.  To  increase  Lhe  safety,  it  was  pro¬ 
posed  to  fill  up  the  space  between  the  walls  of  the  cabin  covering  with  oxygen, 
In/ 

which  would,  like/the  atmosphere,  fora  a  protection  against  ultraviolet  radia¬ 
tion.  The  solar  spectrum  will  also  include  x-rays,  which  would  however  (since 
they  are  more  penetrative  than  ultraviolet  rays)  sufficiently  devour  the  struc¬ 
tural  material  of  the  cabin. 

We  see  then,  that  the  definite  problem  of  interplanetary  journey  is 
solved  by  a  climatized  cabin.  Another  complex  of  problems  are  formed  by  bio¬ 
logical  factors  of  interplanetary  flight,  which  have  not  been  sufficiently  in¬ 
vestigated,  because  they  do  not  occur  at  high  altitude  flighta  and  it  is  very 
difficult  to  form  same  experimentally.  Theee  are  of  course  the  next  circum¬ 
stances  during  long  lasting  interplanetary  travels;  and  to  meet  human  daily 
requirements  (food,  watsr,  oxygen)  is  therefore  almost  unsoluble.  The  tempo 
of  the  technical  progress  is  generally  too  rapid;  many  problems  will  enable 
one  to  solve  flights  with  man-made  satellites  with  human  crews  on  board  or 
more  effective  rocket  driving  matter,  which  would  enable  one  to  Bend  out  into 
the  universe  rockets  with  greater  load. 

Protection  against  cosmic  radiation 

Cosmic  radiation  penetrates  into  our  atmosphere  from  distant  spaces  of 
the  universe.  These  are  actually  atomic  particles  (protons  and  whole  atomic 
nuclei  of  various  elements  -  carbon,  oxygen,  nitrogen,  magr-*ium,  iron  -  elec¬ 
trons  and  gum  rays),  they  are  provided  with  great  energy,  which  will  break 
the  air  atoms,  will  collide  with  them.  The  shattered  air  atoms  are  then  the 
source  of  further  radiation  (so-called  secondary,  consisting  of  protons,  neu¬ 
trons,  of  particles,  electrons  and  gamma  radiation);  normally  this  radiation 
is  “lit# red  by  the  high  layer  of  th»  atmosphere  and  ita  intensity  on  the  sur¬ 
face  of  the  Earth  is  alight.  At  high  altitudes  atmospheric  protection  is 
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failing  and  intensity  nf  cosmic  radiation  is  rising  mpiiijy.  At  altitudes 
of  more  than  21)  to  appears  thun  only  seconds 17  radiation  and  the  most  danger¬ 
ous  particles  of  primary  radiation  (atomic  nuclei  of  heavy  elements). 

Cosmic  radiation  causes  ionization  in  the  organism,  which  then  results 
in  disorders,  material  metabolism  in  the  cells,  disorder  in  ce  1  membranes, 
depreciation  of  body  albumina,  origination  of  destructive  tumors,  etc.  The 
tissues  as  a  result  of  these  changes  die  away.  Result,  of  a  highly  ir^sneive 
investigctton  (here  rockets  were  mainly  applied  with  experimental  animals) 
are  nevertheless  optimistic:  secondary  radiation  wat  quite  well  studied  over, 
and  it  was  found,  that  it  is  not  dangerous,  even  when  its  int.*n«ity  rises 
rapidly  at  higher  altitudes.  Zt  was  ascertained  about  primary  radiation,  that 
its  effects  are  not  the  same  as  before,  prior  to  launching  the  first  rockets, 
a^  it  was  judged;  regeneration  of  tiesues  would  therefoie  sufficiently  recom¬ 
pense  the  dead  cells.  It  is  not  always  possible  to  cloak  a  series  of  unfavor¬ 
able  facts:  some  cello  I  nervous,  cornea  cells,  lenses  in  the  eye  retina  or 
cells  in  inner  ear)  are  not  regenerated;  the  time  of  exposure  plays  an  import¬ 
ant  role.  And  so  for  example,  in  nice  which  were  at  ar  altitude  of  over  30  kr 
(in  a  stratospheric  balloon)  they  were  ex;  rued  for  30  hours  to  solar  radiation, 
their  skins  were  sharply  damaged,  while  at  similar  experiments  signs  or  radia¬ 
tion  were  hardly  found,  only'  smaller  illness  eigne.  All  this  justifies  a  re¬ 
served  conclusion. 

Effects  of  long-lasting  rectilinear  acceleration 
Effects  of  acceleration  have  been  thoroughly  investigated  in  aviation 
»  practice  and  on  experimental  installations,  but  its  dangerous  effect  during 
long-lasting  action  was  not  too  clear.  The  concept  of  "G"  is  very  well  known 
to  our  pilots  and  it  is  not  necessary  to  explain  its  content  in  greater  detail: 

A 

unit  0  is  acceleration  imparted  to  the  body  by  terrestrial  gravitation  (9.8  m/e  ). 
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Fc"  better  comprehension,  we  can  present  the  weight  of  a  human  body  a3  a 
force,  which  affects  the  body  and  tries  to  ^ipart  to  U  an  acceleration  of  one 
G.  Lorug  rocket  starting  (straigi  c  line  acceleration)  forces  originate  much 
greater,  which  affect  the  organs  of  the  b-  -Gy.  Great  organs  take  up  in  change 
of  position  certain  conditions.  3ut  the  blocs  concentrates  in  definite  parts 
of  the  body  (for  example  in  the  foot,  in  the  he->d  -  according  to  the  gravita¬ 
tion  force)  and  can  in  this  way  affect  important  disorders.  It  depends  here 
very  much  upon  the  rate  of  acceleration  and  ir.  what  direction  it  affects  the 
body,  and  mainly  on  the  fact,  how  long  the  acceleration  lasts.  For  a  short 
time  the  human  organism  .111  withstand  great  acceleration  -  for  example  up  to 
47  G  for  l/k  of  a  minute  -  acceleration  especially  affects  in  the  direction 
perpendicular  to  the  longitudinal  axis  of  the  body  (in  the  axis  of  chest  and 
back)  where  the  blood  moves  in  the  least  and  the  large  organs  have  a  good  sup¬ 
port  in  the  body.  If  acceleration  does  affect  -  seconds  or  finally  minutes  - 
the  boundary  endurance  reduces  rapidly,  that  is  why  the  weight  of  the  chest 


Many  looh  curinu  i  at  the  a..:.«  ••lion,  that  tin;  vujecihy  '  a  r 

has  no  damaging  effect  on  the  human  or, mi  -i  in.:  no  realiuti  in  yi”  n  '.I  < 
fact,  that  great  accciora*  ion?  are  actually  :•  ov.i  ng  (rate  of  rotation  c  f  to* 
r.arth  at.  the  equate;*:  2 #7 f*  kii/h ,  rate  o'1  movement,  ,-f  the  oarih  aronr.u  the 
bun:  100.000  km/hr),  ihirinr  symmetrica  r ' -vement ,  re-tar-: less  of  hot*  fas'., 
only  the  center  resistance  nay  harm.,  the  rocket  caoin  could  protect  against 
it  during  the  landing  of  t.he  interplanetary  rocket,  (in  air  empty  at*ce  th» 
resistance  of  the  medium,  is  practically  ze^o),  rt  too  preat  air  resistance  a 
lower  altitudes  -  perhaps  o  ton  per  r..*-  at  a  small  velocity  of  1000  lx/ hr  - 
and  great  acceleration  causes  deadly  wounding  wr.en  leaving  the  cabin.  This 
fact  is  the  core  of  thh  further  problem. 


ejsperinants  with  animals,  which  enabled  the  first  flight  of  a  ccsrlc 
ship  with  human  crew  on  board,  will  be  unavoidable  also  in  the  pre¬ 
paration  fur  in te rp ianetary  flights. 
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Difficulty  of  protecting  the  cr*w 

Various  experiments,  during  experiments  of  Soviet,  scientists  with  dogs, 
successfully  catapulted  from  a  height  of  about  120  km,  confirmed  that  the 
speed  of  the  free  fall  from  an  altitude  of  perhaps  100  km,  approaches  at  an 
altitude  of  50  km  a  value  of  1  km/sec,  later  on  the  drop  io  much  slower.  The 
originating  accelerations  are  smaller,  of  about  4  0.  It  is  necessary  to  pro¬ 
hibit  the  rolling  of  the  falling  body  (it  may  suffer  hamful  physiological  ef¬ 
fects)  and  provide  it  therefore  with  high  and  low  heats.  At  such  a  rapid  des¬ 
cent  the  temperature  also  retains  weak  layers  of  thin  air,  around  the  falling 
body,  values  of  about  2000°  (with  respect  to  very  tHn  air,  the  thin  air  con¬ 
sisting  of  many  parts  will  n.  trar cfer  itself  to  the  body);  at  an  altitude  of 
perhaps  30  km,  low  temperatures  of  the  surrounding  medium  are  affected. 

About  the  possibilities  of  recovering  from  an  interplanetary  rocket,  to¬ 
day's  knowledge  has  unclear  concepts.  Perhaps  it  would  be  realizable  with 
special  equipment,  like  a  "rocket  in  a  rocket",  ;  case  of  a  small  cosmic  slide, 
which  would  tend  toward  the  Earth. 

Effects  of  weightless  state 

are  not  sufficiently  well  investigated.  The  man  is  in  a  habit  of  being  ordinar¬ 
ily  and  constantly  informed  about  the  position  of  his  body  with  respect  to 
Earth  by  the  sensual  nervous  elements  (mainly  in  inner  ear).  In  weightlessness 
state  these  elements  will  lose  their  cBuse,  which  will  be  comparable  to  dis¬ 
orientation,  leading  often  to  dizziness,  discomfort  and  movements  of  nervo-mus- 
cular  equilibrium  (accuracy  of  the  movement  suffers). 

The  first  brief  experiments  in  proper  flight  condit*~n  in  jet  aircraft 
(weightless  state  lasted  up  to  40  sec),  exactly  like  the  first  several  hour 
flight  in  cosmic  ships,  appeared  optimistic;  but  the  second  Soviet  cosmonaut, 

G.  S.  Titov,  who  was  exposed  to  the  effects  of  weightlessness  for  a  longer 
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Figure  page  408  (top  left)  In  a  Cabin  of  a  Satellite  Ship 
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Figure,  page  408  (bottom)... Basic  Training  of  Crews  for  Interplanetary 
Flights  will  net  Differ  too  much  from  cosmonaut  Training 

> 


period  of  time  -  almost  25  hours  -  suffered  definite  difficulties.  It  is 
therefore  impossible  to  speak  with  certainty,  whether  a  long-lasting  weight¬ 
less  state  oaused  similar  disturbances  in  all  the  persons  or  just  in  one,  in 
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Figure,  page  409  (top  left)...  In  Special  Vacuum  Chambers,  it  is  Easy  to  Cre¬ 
ate  and  is  Approximately  the  same  as  Altitude  of  200-399  km. 

(top  right)  ...  Reliability  Examination  Functions  of  a  Special  Cosmic  Pressuri¬ 
zation  suit. 

soma  persons  there  were  observed  highly  sensual  actions  reacting  in  the  static 
part  of  the  organism.  If  it  would  be  shown  synonymously,  that  the  duration  of 
the  weightlessness  state  has  a  disfavorable  effect,  it  would  be  necessary  to 
create  in  the  cosmic  ship  cabins  permanent  artificial  accelerations,  which 
would  compensate  for  the  terrestrial  gravitation.  From  the  present  statue  of 
technology  this  is  very  complex,  but  not  an  unsolvable  problem. 

The  problem  of  reservation  is  a  greater  stone  of  injury,  interplanetary 
flights  would  last  for  months  and  years.  The  inevitable  reserves,  mainly  water 
and  food,  would  require  such  a  large  space  and  would  weigh  so  much,  that  rock¬ 
ets  of  present  day  construction  (driving  engines  on  currently  used  propulsion 
media)  could  not  lift  it  at  all.  And  so  it  appears  that  the  rwed  of 

1.5  oxygen,  0.85  kg  food  and  2.6  kg  of  water  per  person  per  day,  accidently 
still  a  lower  number  -  a  total  of  4  kg  of  all  reserves,  as  sufficient.  And  so. 
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we  will  net  consider  the  great  weight  of  the  chemicals  necessary  for  the  ab¬ 
sorption  of  carbon  dioxide,  with  the  weight  of  later  needs,  devices,  etc  -  we 
will  arrive  at  a  number  of  I.46  tone  of  supplies  for  one  crew  member  a  jear. 

Intensive  inve.  •'igations  will  nevertheless  bring  good  fruit,  as  designated 
by  studied  possibilities  of  effectvie  methods  of  providing  crews  with  oxygen 
and  water;  we  have  already  mentioned  about  this  once.  The  selection  of  effec¬ 
tive  foods  will  be  difficult,  that  is  why  it  i3  debatable  hew  the  cosmonauts 
would  endure  long-lasting  use  of  various  extracts,  for  example  foods  extracted 
and  prepared  from  algae 

Psychic  effects  of  interplanetary  flights 
In  various  considerations,  published  in  popular  press,  these  effects  are 
generally  totally  disregarded,  because  they  will  play  an  important  role*  It 
is  known  that  many  pilots  consider  at  altitudes  of  (about  20  kn)  a  far ling  of 
being  "separated  from  the  Earth",  a  feeling  which  is  quite  unpleasant.  In  an 
interplanetary  rocket  this  condition  ac*U2lly  appeared  and  could  lead  to  a 

l 

disturbance  in  spiritual  activity.  This  i3  confirmed  by  the  tests  with  persons 
well  isolated  from  the  surroundings.  After  a  definite  time  they  suffered  dis¬ 
turbances  in  sensual  and  reasonable  spiritual  (irritability,  madness,  melan¬ 
choly)  which  lasted  for  several  weeks.  Unfavorable  would  here  be  the  cnange 
of  the  suffered  rhythm  of  rotation  of  day  and  night,  the  main  orientation  sonse 
of  the  human  being  in  space  -  vision  -  would  be  removed  to  the  rear  and  so  on. 
Crews  of  future  interplanetary  rockets  (provided  with  all  the  devices,  which 
would  enable  constant  contact  with  the  Earth)  will  have  to  be  even  more  care¬ 
fully  selected  than  the  present  day  cosmonauts. 

Protection  against  meteorites 

is  an  exclusive  technical  jjwoblem.  The  striking  of  the  cabin  would  dlaectly 
or  indirectly  (loss  of  artificial  medium)  threaten  the  crew.  On  the  basic  of 
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information  obtained  from  skillful  satellites,  insiders  therefore  the  encounter 
with  meteorites  of  various  sizes.  Conclusions  are  favorable?  the  probability 
of  colliding  with  more  meteorites  is  slight  at  higher  altitudes.  And  so  for 
example,  to  express  the  probability  of  collision  with  meteorites  weighing  0,5  g 
(which  would  destroy  even  an  8  cm  layer  of  aluminum)  at  an  altitude  of  over 
100  km  within  2',  hours  in  propotion  to  1:32  millions.  But  it  is  necessary  to 
;  take  into  consideration  that  skillful  satellites  will  gain  partial  protection 

from  the  atmosphere  (it  can  be  even  very  thin,  sice  it  moves  in  it).  And  when 

i 

|  the  density  of  air  at  high  altitudes,  for  example  at  an  altitude  of  200  km,  of 

! 

[  the  order  of  10  million  series  lower  than  at  tho  surface  of  the  Earth,  a  greater 

I  part  of  the  meteorites  does  no  longer  penetrate  there*  In  the  solar  area  are 

nevertheless  definite  place,  in  them  occur  regularly  meteorite  currents;  pro¬ 
tection  against  them  will  oe  first  of  all  careful  navigation  in  flight  prepara¬ 
tion,  assuring  that  the  rocket  will  avoid  these  areas.  When  flying  beyond  the 
boundaries  circular  to  the  path  of  Mara  road,  the  cosmonauts  would  be  endangered 
|  by  s  more  important  danger-  possibility  of  coming  in  contact  with  small  planets 

'  (these  planets  are  a  combination  or  perl  ape  1600  small  celestial  bodies;  the 

smallest  of  a  dimension  of  almost  1  km);  collision  with  any  one  of  the  small 
planets  would  be  a  catastrophy. 

As  protection  against  large  meteorites  and  small  planets,  suggests  to 
technicians  various  protections  (e,  g.,  automatic  radio  location  "deviator" 

I 

!  of  rocket,  automatic  destruction  of  meteorite  with  various  rocket  shots,  etc.), 

! 

their  effectiveness  is  quite  problematic. 

JSUdckS&kS/ 

And  a  conclusion?  Up  until  recently  the/lomjing  of  people,  to  visit  th~  4 

neighboring  celestial  bodies,  can  be  soon  be  realised.  Technical  and  biolog¬ 
ical  research  will  broaden  t^e  ways  and  will  make  clear  the  hitherto  unclear 

j 

problem.  Some  Soviet  researchers  think,  that  to  the  end  of  this  century  men 

will  visit  all  the  nearest  planets. 

j 
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Figure,  page  409  (bottom).,.  The  Cabin  of  the  Cosmic  Ship  will  Fall  out,  and 
from  it  will  Land  the  First  People  on  the  Moon  or  on  the  Mars?  A  Problem  to 
which  there  ie  no  Answer  so  far. 


* 
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